ABSTRACT BACKGROUND: The aim of this study was to investigate the levels of oxidative stress including total oxidant status, total antioxidant status, and paraoxonase activity in patients with a diagnosis of acute appendicitis.
Paraoxonase (PON1) is associated with high-density lipoprotein particles and is known to have an antioxidant function. In humans, the PON gene family has three members, PON1, PON2, and PON3. PON1 has three known enzymatic molecules, including PON, arylesterase (ARE) and dyazoxonase. Human serum PON1 and ARE are both esterase enzymes that have lipophilic antioxidant characteristics. These enzymes play a role in decreasing oxidative stress. PON1, in particular, is an important endogenous free radical scavenging system in the human body. [2] [3] [4] [5] Studies of oxidative stress in AA have been reported until today. [6] [7] [8] [9] The aim of this study was to investigate the levels of oxidative stress including total oxidant status, total antioxidant status, and paraoxonase activity in patients with a diagnosis of AA.
MATERIALS AND METHODS
Seventy-three patients who underwent surgery with a preoperative diagnosis of acute appendicitis (Group I) were included into the study. The control group (Group II) consisted 
INTRODUCTION
Acute appendicitis (AA), a common and urgent surgical illness, is a condition characterized by the inflammation of the appendix. It is thought to result from obstruction of the appendiceal lumen, typically by lymphoid hyperplasia, but occasionally by a fecalith, foreign body, or even worms. The obstruction leads to distention, inflammation, bacterial overgrowth, and finally ischemia. If untreated, necrosis and perforation occur. If the perforation is restricted by the omentum, an appendiceal abscess develops. [1] of thirty otherwise healthy subjects. The presence of any of the following conditions was used as an exclusion criteria in this study: diabetes mellitus, neoplastic disease, inflammatory disease (such as infections and autoimmune disorders), hypercholesterolemia, hypertriglyceridemia, use of an antihypertensive medication, lipid-lowering drug use, antioxidant substance use, known secondary hypertension, chronic renal failure, cerebrovascular disease, ischemic heart disease, congestive heart failure, gastrointestinal disease or liver disease. The demographic features, complete blood count and final pathologic diagnosis of the patients were recorded. Leukocyte counts greater than 10x10 9 /L was defined as leukocytosis. Neutrophil rate greater than 74% was defined as neutrophilia.
After histopathologic examination, the patients were categorized as follows: 1) Acute focal appendicitis (AFA), 2) Acute advanced appendicitis (AAA) including acute suppurative, phlegmonous and gangrenous appendicitis, 3) Acute perforated appendicitis (APA), 4) Sub-acute appendicitis (SA) and 5) Negative exploration.
Blood samples were obtained preoperatively. Serum samples were centrifuged for 15 min at 3000 rpm, transferred to Eppendorf tubes and stored at −80ºC, and were used to measure TAS and TOS levels, and paraoxonase activity.
Paraoxonase activity was measured by using paraoxon and phenylacetate as substrates. The basal activity of paraoxonase was measured. The rate of paraoxon hydrolysis (diethyl-p-nitrophenylphosphate) was measured monitoring an increase in absorbance at 412 nm at 37ºC on an autoanalyser (Beckman Coulter, Fullerton, CA, U.S.A.). The amount of generated pnitrophenyl was calculated from the molar absorptivity coefficient at a pH of 8.5, which was 18290 M -1 cm -1 . [10] Paraoxonase activity was expressed as U/L of serum.
TAS levels of the sera were determined using an automated measurement method based on bleaching of the characteristic color of a more s 2,2'-azino-bis [3-ethylbenz-thiazoline-6-sulfonic acid (ABTS)] radical cation caused by antioxidants. [11] The results were expressed in mmol Trolox equivalents/L. TOS levels of the sera were determined using a novel automated measurement method. [12] Oxidants present in the sample oxidized the ferrous ion-o-dianisidine complexes into ferric ions. The oxidation reaction was enhanced by glycerol molecules that were abundantly present in the reaction medium. The ferric ions formed a colored complex with xylenol orange in an acidic medium. Therefore, color intensity, measured spectrophotometrically, was related to the total number of oxidant molecules present in the sample. The assay was calibrated with hydrogen peroxide and the results were expressed in terms of micromolar hydrogen peroxide equivalent per liter (μmol H 2 O 2 equiv./L).
The study protocol was approved by the Ethics Committee of Selcuk University, Faculty of Medicine (number 2010/13), and was conducted according to the Declaration of Helsinki, Good Clinical Practice Guidelines. The participants were informed about the nature of the study and informed consents were obtained.
Statistical analysis was performed using SPSS software for Windows, release 13.0. Results were expressed as mean ± standard deviation (SD). Statistical analysis was performed using the Mann-Whitney U test, and statistical significance was assumed at a level of p<0.05.
RESULTS
Seventy-three patients who underwent surgery with a diagnosis of acute appendicitis and thirty healthy subjects were included into the study. In Group I, the median age of the patients was 24 years (range, 16-60 years), and thirty-seven of the patients were male and thirty-six patients were female. In Group II, the median age was 25 years (range, 16-48 years), and seventeen of the patients were female and thirteen were male.
Mean and SD values of TOS and TAS levels, and PON1 activities are presented in Table 1 . TOS and TAS levels of the patients were higher than the ones of the control groups (p=0.0001 and p=0.004, respectively). When PON1 activities of Group I were compared with Group II, no significant difference was determined.
TOS, and TAS levels, and PON1 activities of the patients were analyzed according to leukocyte counts, neutrophil rates, duration of symptoms, and pathologic subgroups ( Table 2) . 
DISCUSSION
Acute appendicitis, a condition caused by the inflammation of appendix, is a common and urgent surgical illness with many manifestations, generous overlaps with other clinical syndromes, and significant morbidity increasing with diagnostic delay. No single sign, symptom, or diagnostic test accurately confirms the diagnosis of appendiceal inflammation in all cases. In pathophysiology of AA, obstruction of the appendiceal lumen by thick mucus, feces, a foreign object, or sometimes even a tumor is the primary cause of appendicitis. An anatomic blind pouch or obstruction of the appendiceal lumen leads to distension of the appendix due to accumulated intraluminal fluid. Ineffective lymphatic and venous drainage allow bacterial invasion of the appendiceal wall and, in advanced cases, perforation and spillage of pus into the peritoneal cavity can be seen. [1, 13] On pathology, the following stages of AA can be distinguished: 1) simple appendicitis where the inflamed appendix is still viable; 2) gangrenous appendicitis is characterized by focal and diffuse necrosis; and 3) perforated appendicitis is characterSeveral studies on oxidative stress in AA have been reported up to now. [6] [7] [8] [9] In a study by Koltuksuz et al., [6] plasma superoxide dismutase activity and malondialdehyde level in AA have been studied. In this study, both superoxide dismutase and malondialdehyde have been significantly higher in both acute suppurative and perforated appendicitis than both control and AFA. They have speculated that oxygen free radicals may play an important role in the extent of AA. In another study by Ozdogan et al., [7] the levels of TAS and malondialdehyde levels in patients with acute phlegmonous appendicitis, advanced appendicitis or negative exploration have been investigated. In patients with AAA (acute gangrenous or perforated appendicitis), TAS level has been significantly lower than the other groups, and they have concluded that TAS might be a predictor for the progression of inflammation to the perforation in AA. Total antioxidant capacity in children with AA has been investigated, and total antioxidant capacity level in AA has been significantly higher than non-appendicitis and healthy groups in another study by Kaya et al. [8] The possible role of nitric oxide and whether there is a relation between oxidative stress and nitric oxide in AA has been investigated in another study. [9] It has been found that serum nitric oxide ized by necrosis and destruction of the appendix. [14, 15] Oxidative stress is essentially an imbalance between the production of free radicals and the ability of the body to counteract or detoxify their harmful effects through neutralization by antioxidants. It leads to many pathophysiological conditions including neurodegenerative diseases, cancers, heart and blood vessel disorders, and inflammatory diseases. The immune system uses lethal effects of oxidants by making production of oxidizing species a central part of its mechanism of killing pathogens, with activated phagocytes producing both reactive oxygen species and reactive nitrogen species, including superoxide, nitric oxide, and their particularly reactive product, peroxynitrite. Although the use of these highly reactive compounds in the cytotoxic response of phagocytes causes damage to host tissues, the nonspecificity of these oxidants is also an advantage since they will damage almost every part of target cell. This prevents the pathogen escaping from immune response by mutation of a single molecular target. [2] [3] [4] [5] levels and oxidative stress elevate in AA independently from the extent of pathology, and the authors have concluded that increased nitric oxide could play a role in the increased oxidative stress levels in AA.
PON1 has many enzymatic activities and is known to have an antioxidant function. These enzymes play a role in decreasing the oxidative stress. PON1 in particular is an important endogenous free radical scavenging system in the human body. Decreased PON1 activity has been observed in patients with different diseases, including coronary artery disease, hypercholesterolemia, type 2 diabetes or iron-deficiency anemia. [2] [3] [4] [5] In our study, the levels of oxidative stress including total oxidant status, total antioxidant status, and paraoxonase activity in patients with AA were investigated. TOS and TAS levels of the patients were higher than the ones of the control group. However, no significant difference in PON1 activities was determined between the patients and healthy subjects, and this status could not be explained. Both TOS and TAS levels of APA were higher than both AFA and AAA. PON1 activities of the patients with negative exploration were higher than AFA, ASA and APA. In our study, our data showed that the increase in TOS and TAS levels, and decrease in PON1 activities were due to the progression of inflammation to the perforation in acute appendicitis. The increase in both TOS and TAS levels and decrease in PON1 activities can be explained by the progression of the inflammation and increased response of the organism to this oxidative stress. The increase of oxidative status (both TOS and TAS) was related with the progression of inflammation to the perforation in acute appendicitis.
